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De-bection arrangement: provided vilih offset compensatiion 

The invention relates to a detection arrangement for 
f observing infrared radiation emitting or reflecting 

5 objects, comprising a two-dimensional array of NxM detector 
elements D(i,j), i<N, j<M, arranged in rows and columns; 
imaging means, for imaging objects and their environment on 
the array; image processing means, connected to the array, 
for periodically generating an image-representing two- 
10 dimensional matrix of numbers S(i,j), i<N, j<M, and 
compensation means, for compensating an offset for 
individual detector elements. 

A detection arrangement of this type is known in the art, 
15 including compensation means for compensating the offset. 
There even exists a multiplicity of solutions, each however 
carrying specific drawbacks. 

From EP— A- 0.601.534 compensation means are known in the 
20 form of a memory, in which for each detector element the 
response is set down as a function of incident radiation. 
The disadvantage of these known compensation means is that 
insufficient account is taken of the effect of ageing of 
the detector elements and of the fact that also the 
25 temperature of the housing of the detector elements comes 
into play. 

From EP-A- 0.647.064 compensation means are known, which 
are based on the periodical defocussing of the imaging 

• 30 means. The disadvantage is that at the moment of 

defocussing the detection arrangement cannot be used for 

♦ the execution of its proper tasks. 



35 



From EP-A- 0.849.941 compensation means are known which 
utilize the movement of the detection arrangement, 
resulting in the image on the array moving, too. From the 
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noise that is seemingly added to the image as a result of 
offset errors, the offset for each detector element can be 
deduced. Disadvantages of this solution are that it does 
not work when the detection arrangement is immobile, and 
5 that the deduction of the offset requires much calculating 
effort. 

The present detection arrangement has none of these 
disadvantages and is, according to an aspect of the 

10 invention, characterized in that the compensation means 
comprise a displacement device, positioned between the 
imaging means and the array and arranged for displacing the 
image on the array, and filtering means, incorporated in 
the image processing means, for generating offset 

15 compensating values C{i,j) from at least two images with 
mutually divergent displacements. 

A preferred embodiment according to an aspect of the 
invention is characterized in that the displacement device 

20 comprises a rotatably positioned plate that is transparent 
for infrared radiation. By turning the plate through a 
previously determined angle, a defined displacement of the 
image on the array can be effected, after which by 
comparing the non-displaced image with the displaced image 

25 the offset of all detector elements can be established. The 
displacement of the image may subsequently be cancelled by 
executing an inverse displacement in the image matrix. 

A further preferred embodiment, enabling a number of 
30 displacements to be effected in a simple manner, is 

characterized in that the plate is rotatably positioned 
around an optical axis, and that at least a front face or a 
rear face is mounted non-perpendicular to the optical axis. 

35 A further preferred embodiment, enabling virtually any 
desired displacement to be effected, is characterized in 
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that the plate is rotatably positioned around two axes, the 
axes being positioned such that they are at least 
substantially perpendicular to an optical axis of the plate 
and that they are mutually perpendicular. 

5 

According to a further aspect of the invention, an 
advantageous implementation of this embodiment is 
characterized in that the axes are positioned at least 
substantially parallel to the rows and columns of the 

10 array. If the image is displaced in one of the two 

directions, then a simple shift operation within the rows 
or within the columns of the image matrix suffices for the 
thus effected displacement to be cancelled. Preferably the 
displacement is made to cover a distance corresponding to a 

15 distance between two detector elements within a row of 
within a column. 

A further preferred embodiment according to an aspect of 
the invention is characterized in that the compensation 

20 means are arranged for periodically displacing, with the 
aid of the plate, an image on (p,q) detector elements, and 
for subsequently activating the filtering means. In that 
case the filtering means are preferably arranged for 
iteratively generating offset correcting values C(i,j) for 

25 detectors D(i,j) according to an equation 

C(i,j)„ew ^ C(i,j)oul + « { S(i-p,j-q)- S(i,j)), with 0<a<l. 

As the offset for a detector element changes only slowly, a 
preferred embodiment of the invention is characterized in 
30 that 0.02<a<0.2. By selecting for a a small value, the 

filtering process is prevented from adding temporal noise 
to the image. 

A further preferred embodiment, requiring little 
35 calculating capacity and causing practically no reduction 
of the available image surface, is characterized in that 
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p €{-1,0,1} and q €{-1,0,1}. In this case, for 
determining the offset, a detector element is only compared 
with its nearest neighbours. This is possible because the 
offset values between adjacent detector elements prove to 
5 be virtually uncorrelated. 



The invention will now be explained with reference to the 
following Figures, where: 

Fig. 1 schematically represents a detection arrangement 
10 according to the invention; 

Fig. 2 schematically represents an embodiment of a 

displacement device featuring a plate provided with 
a wedge; 

Fig. 3 represents a possible movement of a pixel P on four 
15 detector elements; 

Fig. 4 schematically represents an embodiment of a 

displacement device featuring a plate provided with 
four actuators; 

Fig. 5 represents a possible movement of a pixel P on five 
20 detector elements; 

Fig. 6 represents an alternative possible movement of a 
pixel P on four detector elements. 



Fig. 1 schematically represents a detection arrangement 
25 according to the invention, with infrared radiation via a 
lens 1 and a plate 2 falling on an N by M dimensional array 
3 of detector elements D(i,j). Lens 1 and plate 2 are made 
from a material that is transparent for infrared radiation 
with a wavelength of, for example 3-10 microns, for example 

30 germanium, and they are provided with an anti-reflection 

coating known in the art. An output voltage of the detector 
elements D(i,j) is measured periodically, for example at 50 
Hertz, by A/D converter 4, and passed on for further 
processing in the form of NxM digital values. The further 

35 processing takes place in gain/offset control circuit 5, in 
which gain differences and offset differences between the 
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various detector elements D(i,j) are compensated. For the 
gain differences a correction value per detector element is 
established once and stored in a gain correction table 
incorporated in the gain/offset control circuit 5. For the 
5 offset differences an offset correction table is provided^ 
which is stored in an of f set memory 6, but this table must 
be adapted continually, because it is dependent on the 
temperature of the observed object and its environment, and 
on the temperature of the detection arrangement • Besides, 
10 ageing and marginal changes in supply voltages may affect 
the offset. 

For the adaptation of the offset correction table according 
to the invention, a plate 2 is provided which, driven by a 
15 timing module 7, can displace the image on detector array 
3. By comparing, in a filter 8, an image obtained before 
the displacement and stored in an image memory 9, with an 
image obtained after the displacement, a new, more accurate 
offset correction table is created. The displaced image is 

20 shifted back into a displacement correction module 10, so 
that the displacement is invisible in the presented image 
11. Timing module 7 informs filter 8 also of the current 
displacement occasioned by plate 2, in the form of a 
distance (p,q) , where p represents the displacement as a 

25 number of pixels in a row, and q represents the 
displacement as a number of pixels in a column. 

Following a displacement of the image over a distance 
(P#q) r the new offset correction table is generated in a 

30 recursive filtering process according to the formula: 

C(i,j)„ew = C(i,j)o,d + <^ ( S(i-p,j-q)- S(i,j)), with 0<a<l 
where C(i,j) represents a correction value for the detector 
element D(i,j) and S(i-p,j-q) and S(i,j) are the output 
voltages of two detector elements which the displacement 

35 has caused to be mutually connected. The factor a 

determines the speed with which the filtering process will 
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be running in* A preferred value ^ which adds little noise 
to the image is a = 0*1. 

Plate 2 can cause a displacement in a variety of ways. In a 
5 first embodiment, schematically shown in Fig. 2, plate 2 is 
furnished with a wedge between the front face and the rear 
face, or plate 2 is plane-parallel but not perpendicular to 
the optical axis. In both cases a rotation of plate 2 
around the optical axis will cause a random pixel to trace 
10 a circle on the array of detector elements • To enable it to 
be rotated, plate 2 is integrated in a toothed ring 12, 
which can cooperate with a gear wheel 13, which in turn can 
be driven by a motor 14 . 

15 Fig. 3 shows a possible movement of a pixel P on four 
detector elements in the sequence (i,j), (i+l,j), 
(i+l,j+i), (i,j+l), a movement that is very suitable for 
the envisaged correction and is yet so small as to make an 
offset correction in the image actually superfluous. 

20 Further, filter 8 can simply derive the current 

displacement from the rotational position of plate 2, for 
example with the aid of an angle transmitter (not shown) . 

In a second embodiment, plate 2 is furnished with four 
25 actuators, as shown in Fig. 4. In the embodiment shown, 

plate 2 is attached via piezo-electric actuators 15a, 15b, 
15c, 15d to a frame 16. The four actuators (known in the 
art) are plate-shaped and of a type that bends away from 
the drawing plane when a direct current is applied. By 
30 applying, for example, identical but mutually opposite 

direct currents to actuators 15a and ISc, plate 2 is caused 
to rotate around an imaginary axis through actuators 15b 
and 15d, which will cause a pixel to be displaced in the 
vertical sense. By alternatively driving actuators 15b and 
35 15d, a horizontal displacement can be occasioned in a 
comparable manner ♦ 
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Fig. 5 shows a possible movement of a pixel P on five 
detector elements , (i+l#j)# (i-l/j), (i,j+l), 

(i,j-l), a movement that is also very suitable for the 
envisaged correction and is yet so small as to make an 
5 offset correction in the image actually superfluous. The 
movements may, for example, be performed randomly. 
Actuators 15a, 15b, 15c, 15d are now directly driven by 
timing module 7, which can therefore also inform filter 8 
on the current position of plate 2 . 

10 

Fig. 6 shows an alternative possible movement of a pixel P 
on four detector elements (i,j), (i+l/j)r (i+l,j+l), 
(i,j+l), a movement which is effectively similar to the 
movement shown in Fig. 3. The difference is that the 
15 movement is now realised by driving actuators 15a, 15b, 
15c, 15d. 
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Claims 

1. Detection arrangement for observing infrared radiation 
emitting or reflecting objects, comprising a two- 
5 dimensional array of NxM detector elements D(i,j), i<N, 
j£M, arranged in rows and columns; imaging means, for 
imaging objects and their environment on the array; image 
processing means, connected to the array, for periodically 
generating an image-representing two-dimensional matrix of 

10 numbers S(i,j), i<N, j<M, and compensation means, for 

compensating an offset for individual detector elements, 
characterized in that the compensation means comprise a 
displacement device, positioned between the imaging means 
and the array and arranged for displacing the image on the 

15 array, and filtering means, incorporated in the image 

processing means, for generating offset compensating values 
C(i,j) from at least two images with mutually divergent 
displacements • 

20 2. Detection arrangement according to claim 1, 

characterized in that the displacement device comprises a 
rotatably positioned plate that is transparent for infrared 
radiation. 

25 3. Detection arrangement according to claim 2, 

characterized in that the plate is rotatably positioned 
around an optical axis, and that at least a front face or a 
rear face is mounted non-perpendicular to the optical axis, 

30 4. Detection arrangement according to claim 2, 

characterized in that the plate is rotatably positioned 
around two axes, the axes being positioned such that they 
are at least substantially perpendicular to an optical axis 
of the plate and that they are mutually perpendicular. 



35 
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5. Detection arrangement according to claim 4, 
characterized in that the axes are positioned at least 
substantially parallel to the rows and columns of the 
array . 

5 

6. Detection arrangement according to claim 5, 
characterized in that actuators are provided, for 
displacing an image over a distance corresponding with a 
distance between two detector elements within a row or 

10 within a column. 

7. Detection arrangement according to claim 6, 
characterized in that the compensation means are arranged 
for periodically displacing, with the aid of the plate, an 

15 image on (p,q) detector elements, and for subsequently 
activating the filtering means. 

8. Detection arrangement according to claim 7, 
characterized in that the filtering means are arranged for 

20 the iterative generation of offset correcting values C(i,j) 
for detectors D(i,j) according to an equation 
C{i,j)„ew = C(i,j)^|d + a ( S(i-p,j-q)- S(i,j)), with 0<a<l. 

9. Detection arrangement according to claim 8, 
25 characterized in that 0.02<a<0.2. 



10. Detection arrangement according to claim 8, 

characterized in that p € {-1#0,1} and q G {-1,0,1}. 
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I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of 
Federal Regulations, § 1 .56. 
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11 i\ 



iili 'l-ai f "ii ^"P .iP* 



French Language Declaration 



Je revendique par le present acte avoir la priority 6trang6re, en 
vertu du Titre 35, § 119(a)-(d) ou § 365(b) du Code des Etats- 
Unis, sur toute demande 6trang^re de brevet ou certificat 
d'inventeur ou, en vertu du Titre 35, § 365(a) du meme 
Code, sur toute demande internationale PCT d^signant au 
moins un pays autre que les Etats-Unis at figurant ci-dessous 
at, en cochant la case, j'ai aussi indiqu6 ci-dessous toute 
demande 6trang6re de brevet, tout certificat d'inventeur ou 
toute demande internationale PCT ayant una date de d6pdt 
pr6c6dant celle de la demande d propos de laquelle une 
priorit6 est revendiquee. 



I hereby claim foreign priority under Title 35, United States 
Code, § 119 (a)-(d) or 365(b) of any foreign application(s) for 
patent or inventor's certificate, or § 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also 
identified below, by checking the box, any foreign application 
for patent or inventor's certificate, or PCT International 
application having a filing date before that of the application on 
which priority is claimed. 



Prior Foreign Application(s) 

Demande(s) de brevet anterieure{s) dans un autre pays. 



99 1013296 



NL 



(Number) 
(Num6ro) 



(Country) 
(Pays) 



(Number) 
(Num6ro) 



(Country) 
(Pays) 



Je revendique par le present acte tout b6n6fice, en vertu du 
Titre 35, § 119(e) du Code des Etats-Unis, de toute demande 
de brevet provisoire effectu6e aux Etats-Unis et figurant ci- 
dessous. 



14 OCT 1999 



(Day/MonthA'ear Filed) 
(Jour/Mois/Ann6 de d6p6t) 



(Day/Month/Year Filed) 
(Jour/Mois/Ann6 de d§p6t) 



Priority Claimed 
Droit de priority 
Revendiqu6 



Yes 
Qui 

□ 

Yes 
Oul 



□ 
No 
Non 

□ 

No 
Non 



I hereby claim the benefit under Title 35, United States Code, 
§1 19(e) of any United States provisional application(s) listed 
below- 



(Application No.) (Filing Date) 

(N- de demande) (Date de d6p6t) 

Je revendique par le present acte tout b6n6fice, en vertu du 
Titre 35, § 120 du Code des Etats-Unis, de toute demande de 
brevet effectu6e aux Etats-Unis, ou en vertu du Titre 35, 
§ 365(c) du meme Code, de toute demande internationale PCT 
d^signant les Etats-Unis et figurant ci-dessous et, dans la 
mesure ou I'objet de chacune des revendications de cette 
demande de brevet n'est pas divulgu6 dans la demande 
ant6rieure am6ricaine ou internationale PCT, en vertu des 
dispositions du premier paragraphe du Titre 35, § 112 du Code 
des Etats-Unis, je reconnais devoir divulguer toute information 
pertinente ^ la brevetabilite, comme defini dans le Titre 37, 
§ 1.56 du Code f^d^ral des reglementations, dont j'ai pu 
disposer entre la date de d6p6t de la demande antdrieure et la 
date de d^pot de !a demande nationale ou internationale PCT 
de la pr^sente demande: 



(Application No.) (Filing Date) 

(N- de demande) (Date de d^pot) 

I hereby claim the benefit under Title 35, United States Code. 
§ 120 of any United States application(s), or § 365(c) of any 
PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided 
by the first paragraph of Title 35. United States Code, § 112. I 
acknowledge the duty to disclose Information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, § 1.56 which became available between the filing 
date of the prior application and the national or PCT 
International filing date of this application. 



PCT/EPOO/ 
10229 



(Application No.) 
(N- de demande) 



12 OCT 2000 



(Filing Date) 
(Date de d6pdt) 



(Status: Patented, Pending, Abandoned) 
(Statut : brevet6, en cours d'examen, abandonn^) 



(Application No.) (Filing Date) 

(N- de demande) (Date de d6p6t) 

Je declare par le present acte que toute declaration ci-incluse 
est, ^ ma connaissance, v6ridique et que toute declaration 
formulae ^ partir de renseignements ou de suppositions est 
tenue pour v6ridlque: et de plus, que toutes ces declarations 
ont 6te formuiees en sachant que toute fausse declaration 
volontaire ou son equivalent est passible d'une amende ou 
d' une incarceration, ou des deux, en vertu de la § 1001 du 
Titre 18 du Code des Etats-Unis, et que de telles declarations 
volontairement fausses risquent de compromettre la vaiidite de 
ia demande de brevet ou du brevet deiivre ^ partir de celle-ci. 



(Status: Patented, Pending, Abandoned) 
(Statut : brevete, en cours d'examen, abandonne) 

I hereby declare that ail statements made herein of my own 
knowledge are true and that all statements made on 
information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent 
issued thereon. 
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POUVOIRS: En tant que I'inventeur cite, je designe par la 
presente r(Ies) avocat(s) suivant(s) pour qu'ils 
poursuive(nt) la procedure de cette demande de brevet et 
tralte(nt) toute affaire s'y rapportant avec I'Office des 
brevets et des marquees: (mentionner le now et le numero 
d'enregistrement). 



POWER OF ATTORNEY: As a named inventor, ( hereby 
appoint the following attorney(s) and/or agent(s) to 
prosecute this application and transact all business in the 
Patent and Trademark Office connected therewith: (list 
name and registration number) 




022850 



Addresser toute correspondance a: 



Send Correspondence to: 





022850 



Adresser tout appel telephonique a: 
(nom et numero de telephone) 



Direct Telephone calls to: (name and telephone number) 



(703) 413-3000 



Nom complete de I'unique ou premier inventeur j^'OCD 



Signature de I'inventeur 



Date 



Domicile 



Full name of sole or first inventor ^ 



Inventor's signature 




1^ 




Date 



Residence 

5467 JB yKGHRL^, Nedcriands 



Nationalite 



Citizenship 
Dutch 



Adresse Postale 



Mailing Address 

Kamillelaar 7 

5467 JB VEGHEL, Nederlands 



Nom complete du second co-inventeur, le cas echean 


Full name of second joint inventor, If any 


Signature de I'inventeur Datum 


Second inventor's signature Date 


Domicile 


Residence 


Nationalite 


Citizenship 


Adresse Postale 


Mailing Address 


(Fournir les memes renseignements et la signature du 
troisieme co-inventeur et de tout co-inventeur 
supplementaire.) 


(Supply similar information and signature for third and 
subsequent joint inventors.) 
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